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Mass spectrometry:   
High precision isotopic analyses of SW light noble gases present some challenges, 
which come from both the large range of SW noble gas abundances and difficulties in 
correcting for pressure dependant molecular ion interferences and pressure dependent 
sensitivities. The major constituent of SW is hydrogen. Implantation experiments to 
simulate SW H/He/Ne ratios and fluences revealed that at a sufficiently high flux, the 
locally high hydrogen concentration can cause “blistering” in the target material (S1). 
Fortunately, hydrogen diffusion is rapid and the actual SW hydrogen flux was much lower 
than that in the implantation experiments, allowing sufficient hydrogen diffusion to reduce 
the local hydrogen concentration below the blister threshold.  No such blisters have yet 
been observed in any of the actual Genesis collectors.  However, the hydrogen content in 
the SW collectors is still quite high, and excess hydrogen can detrimentally impact noble 
gas analyses.  Therefore, enhanced gettering of the hydrogen was required before the noble 
gases were admitted into the mass spectrometer for analysis, and careful monitoring of 
hydrogen was done so that corrections could be made for hydride and hydrogen pressure 
effects.  Next in abundance to hydrogen is helium, which also contributes to pressure 
effects in the analysis of Ne.  A careful balance was made between the onset of pressure 
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effects and analyzing sufficient collector surface area to obtain the desired precision.   To 
achieve this balance, the light noble gases were analyzed with reduced electron emission in 
the ion source.  
Solar wind 4He is ~5x105 times more abundant than 21Ne and ~2×105 times more 
abundant than 38Ar.   In the solar wind H is 20 times more abundant than 4He. To have 
reasonably good counting statistics for 21Ne and 38Ar, we must admit into the mass 
spectrometer quantities of 4He (and H) that exceed the linear range of the ion source 
established by the onset of space charge effects.  Whereas the H can be reduced by careful 
gettering, sufficient quantities can remain to cause some hydride effects, and both 4He and 
H ions contribute to space charge effects in the source. When these pressure-induced space 
charge effects occur in the ionization region, extraction fields are distorted and extraction 
times from the ionization region become longer.  This results in changing both the mass 
discrimination and the sensitivity of the mass spectrometer.  Moreover, the increased time 
in the source region increases the probability of specific chemical reactions forming 
20NeH+, which interferes with 21Ne (S2).  The effect of 21NeH on 22Ne is negligible.  Space 
charge effects are not important for Ar because it can be cryogenically separated from He 
and Ne, thus avoiding pressure effects.  Complete cryogenic separation of Ne from He is 
not achievable (S3).  Partial He removal is difficult to accurately reproduce and it can cause 
He isotope fractionation. He and Ne are therefore admitted into the mass spectrometer 
together, and the pressure effects are taken into account using a specially constructed 
calibration system which produces “designer” samples for calibration simulating the actual 
amounts SW He and Ne.  This is done by modifying the calibration procedure for Ne so 
that amounts of pure 4He are added to match the specific amounts of 4He in a particular 
 2
Genesis sample.  In addition, hydrogen can be added to the calibration gas by warming 
hydrogen capturing getters, releasing enough hydrogen to match that present in each 
Genesis sample. This allows us to correct for NeH+ which depends on both pressure (due to 
space charge effects increasing the time for chemical reactions) and the quantity of 
hydrogen available for reaction with Ne.  In extreme cases, pressure-induced space charge 
effects can change the Ne sensitivity by several percent, the mass discrimination by 0.2% 
per amu, and 20NeH can increase the mass 21 signal by tens of percent.  With careful multi-
stage gettering, these effects can be minimized and specific “designer” calibrations correct 
for the residual effects. 
Calibration:  
Accurate calibration of the mass spectrometer sensitivity is essential to establish the 
flux in each of the different SW flow regimes to within 5%, one of the objectives of the 
Mission.  We employed the LP-6 biotite standard commonly used in K-Ar chronology (S4).  
This material contains (11.580 ± 0.006) ×1014 atoms 40Ar/g and is homogeneous on the mg-
level.  Using this international standard, we calibrated the Ar content of our automated 
pneumatically controlled air calibration system and, assuming that there is no Ar/Ne 
fractionation during the preparation of this calibration, it also provides a reliable Ne 
standard.  Fractionation is avoided during the filling of calibration volumes with an 
atmospheric sample by using a capillary inlet system which assures viscous (rather than 
molecular) flow conditions at the entry point (atmospheric pressure).  This calibration 
standard was run frequently to detect and correct for any sensitivity, mass discrimination 
and hydride variations in the ion source and ion counting system during analysis. 
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Surface contamination: 
To avoid surface damage, no harsh cleaning of the Genesis collectors was done. 
The “brown stains” which were reported on several other Genesis collectors (S5) do not 
interfere with laser extraction of trapped solar wind gases.  Larger dust particles were 
blown away with pure dry nitrogen.  Smaller particles were vaporized during laser 
extraction, and the very low concentrations of noble gas trapped in potential contaminants 
were negligible, as verified by the fact that 40Ar remained at the blank level. The laser 
blasts through any smaller particles. Areas for laser rastering (typically from 1 to 30 mm2) 
were selected to contain minimal amounts of visible scratches and marks (never exceeding 
3% of the area rastered).  It is a good assumption than any pits or scratches result in 
complete loss of all solar wind gases.  It is not known whether the brown stain retains noble 
gases.  Thicknesses are highly variable, but are rarely more than 50 Angstroms.  At this 
thickness, even if solar wind gases are totally lost, the effects on the isotopic compositions 
of Ne and Ar, as well as the Ne/Ar ratio are not significant. 
 
Ne and Ar data from AloS: 
Ne data from AloS was obtained in two series of measurements made 3 months 
apart. During the first series, we did not know the full extent of pressure and excessive 
hydrogen effects on sensitivity, fractionation and hydride interference factors.  Mass 
spectrometers are traditionally tuned for optimum conditions which, in our case, 
correspond to 150 µA electron emission from the filament and 100 eV electron energy for 
ionization.  Since the effects of 20NeH, as a molecular interference for 21Ne was not fully 
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appreciated until the first measurements were made, the amount of hydrogen present during 
the measurements was duly noted but not well controlled nor duplicated in calibrations 
associated with these preliminary measurements.  Non-statistical variations in the apparent 
21Ne/22Ne ratios were observed and, when explored in detail, led to the discovery that such 
effects were directly related to variability of 20NeH with hydrogen partial-pressure and 
space charge effects (due largely to total pressure).  Although the source of this variability 
was known, and we could correct for it to some extent, we could not optimally correct for 
these effects until we introduced designer calibrations. We therefore disregarded the 
21Ne/22Ne ratios obtained in the first series of measurements and these ratios are not shown 
in Table S1.  Before the second set of measurements was performed, we made changes to 
our analytical procedures to minimize these effects by enhancing hydrogen gettering, 
reducing the emission current, and properly correcting for residual effects using “designer” 
calibrations.   
 In the second series of measurements, the energy of the ionizing electrons was 
reduced to 48 eV, which reduced the contribution of 40Ar++ to 20Ne+ from 7% to 0.57%.   A 
special protocol was developed to monitor hydrogen and maintain it in a limited range in 
order to properly correct 21Ne for the contribution of 20NeH+.  Calibration spikes were 
chosen to approximate the interferences observed in the actual measurements and provide a 
range of hydride corrections that bracketed those applied to the actual samples.   The 
results of these analyses are shown in Table S1.  The quoted errors in 21Ne/20Ne do not 
include any contribution from the errors in the 20NeH+ correction.  We cannot rule out a 
few % residual 20NeH contributions to the measured 21Ne; consequently, we have not 
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quoted 21Ne/22Ne results in the text of this paper.  None of the present interpretations rely 
on 21Ne data. 
 
Prelaunch measurements indicated that Ne retention in AloS should be good (S6).  To 
test solar wind Ne retention in AloS, comparative stepwise temperature extractions were 
done with AloS and the Genesis Polished Al Collector (PAC) a thick Al plate (S7).  
Comparison of the Ne release profiles during stepwise pyrolysis from these two materials 
shows that AloS is notably more retentive than PAC (S8).  This may not be surprising 
since PAC is made of 6061 aluminum alloy, whereas the film on the AloS collectors is 
pure aluminum, and most alloys have lower melting points and probably greater 
diffusivity of noble gases.  Held at 300°C for only 45 minutes, the PAC loses about 1.5% 
of its 20Ne, ~15 times more than the AloS collectors under similar conditions.  During the 
entire ~2 years of solar wind exposure, the temperature of the PAC was likely to be 
around 150°C.  It is, therefore, reasonable that the PAC lost significantly more He and Ne 
than AloS, especially since the 2 year exposure was probably at temperatures slightly 
lower those in the laboratory 45 minute heating where 1.5% of the Ne was lost.  In the 
AloS stepwise heating experiments, insignificant loss of solar wind Ne was observed 
prior to 500 deg C (S8).  Despite the clearly lower retention of the PAC, the measured 
amount of solar wind 20Ne loss is only 16% relative to AloS.  These comparisons indicate 
that there has been negligible SW Ne diffusion loss from AloS.  
 The nominal thicknesses of the Al layer on the AloS collectors were 250 to 300 nm.   
Profilometric measurements of the ablation pits on the actual samples analyzed here are in 
the range 250-300 nm.  Based on simulation using the actual Genesis velocity distributions, 
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the amounts of any solar wind noble gas ions penetrating all the way through the Al layer is 
negligible. 
For solar wind ions lighter than the target element, a small fraction of the incident 
ions will be backscattered.  Corrections for the backscattering of Ne from Al were 
calculated using the Ne velocity distribution from the SWICS instrument for the same 
times of the Genesis regime sampling (S9) and the SRIM ion implantation code (S10).   
Because the atomic number of Al is close to Ne, corrections are small, ranging from 0.19 to 
0.26%, and are assumed to introduce negligible error.  The backscattering correction is 
applied only to averages in Table S1 (last line for each regime, in bold). 
 
 Fluxes in Table S1 were calculated from the measured number of atoms and the 
microscopically measured areas of the laser ablation pits.  Rastering the same areas, but 
with different perimeters suggests edge effects are minor.   
 
  Table S2 contains our Ar data from the AloS samples measured over three separate 
runs several months apart.  Ar was analyzed from the same Genesis samples used for Ne 
analyses as well as two additional samples from CME and L regimes.   Since Ar is heavier 
than Al, backscattering is not an issue.  The amount of 40Ar can be accounted for by 
procedural blank, which has atmospheric composition, with no significant contributions 
from Utah mud.  Thus we can accurately correct for 40Ar using atmospheric composition.  
This correction depends on the value of atmospheric 40Ar/36Ar used.  Generally, the value 
296.0 is accepted, but 295.5 is also used.  Recent results (S11) propose a new value of 
298.6, which we have used.   However, considering that our typical contribution from 
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atmospheric 36Ar is less than 14%, any errors introduced from a small uncertainty of the 
atmospheric value are negligible because the difference in solar wind and terrestrial 
36Ar/38Ar is small.  36Ar/38Ar ratio measured in AloS solar wind collector is 3.42 ± .09% 
higher than the terrestrial atmospheric value.  Same solar wind - terrestrial atmosphere 
difference is obtained if the calculations are based on the total weighted average solar wind 
value. 
 Figure S1 shows all of our data points for 20Ne/22Ne and 36Ar/38Ar for each SW 
flow regime.  We found the averages shown in the figure and in Tables S1 and S2 by 
combining all of the individual isotope amounts – e.g. adding up all of the 20Ne and 
separately the 22Ne – and calculating the ratio of the pooled data set.  The uncertainty of the 
average is found by compounding all the individual errors, rather than calculating a 
standard deviation. The standard deviation is not well defined for smaller data sets.   Three 
of the bulk 20Ne/22Ne data points don’t overlap with the average, indicating a non-statistical 
problem.  We are unsure of the exact cause of this, but suspect it may be due to problems 
with that piece of target material.   
 Our bulk solar wind Ne in AloS has 20Ne/22Ne = 13.972 ± 0.025 and 21Ne/22Ne = 
0.0346 ± 0.0003.  These ratios in Bulk Metallic Glass (BMG) were determined to be 13.85 
± 0.11 and 0.0330 ± 0.0004 (S12), in gold on sapphire (AuoS) collector they were 13.98 ± 
0.16 and 0.0340 ± 0.0002 (S13), and in Diamond-like carbon on silicon (DOS) these values 
were 13.81 ± 0.03 and 0.0328 ± 0.0001 (S14).  Whether or not these inter-laboratory 
variations are due to different target materials is yet to be determined, but in the context of 
this paper only relative differences between different solar wind flow regimes (measured in 
the same material, by the same instrument) are important.  
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Figure S1.  Isotopic deviations of Ne and Ar in different SW flow regimes from the 
average values measured from the bulk AloS collector.  Error bars represent one sigma 
statistical uncertainties.  Large diamonds show the weighted average of individual 
measurements, computed by pooling all isotopes, compounding all errors and 
recomputing an average, an approach preferable to standard deviation for limited 
populations.  However, the Bulk Ne does show non-statistical variations, the cause of 
which is not known. 
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Table S1:  Solar wind (SW) Ne extracted from aluminum coated sapphire collectors (AloS) recovered from 
regime arrays. Data are corrected for instrumental mass discrimination and procedural blanks. 
Backscattering correction is applied only to averages (last line for each regime, in bold).  The numbers in 
italics represent the weighted average of the first set of the measurements when contributions of H20Ne+ to 
21Ne and HD+ with H3+ to 3He were poorly controlled.  In one Bulk SW analysis from the second series of 
measurements the 21Ne/22Ne ratio apparently has an interference problem; this crossed-out ratio is omitted. 
Rather than calculating the standard deviation, which makes little sense for only a limited number of 
measurements, the errors on the average ratios are computed by compounding the errors on the individual 
sums of the numerator and the denominator. Where there is scatter between replicate measurements that is 
much larger than these statistical uncertainties, it indicates unquantified systematic errors, possibly because 
of problems with a specific target.  All shown errors are statistical, 1σ.  
SW Regime, collection 
time, sample number  
   20Ne/22Ne              21Ne/22Ne 
20Ne 
×108 /m2·s 
Bulk 
852.83 days 
60079 
13.86 ± 0.06 
14.15 ± 0.07 
14.04 ± 0.06 
13.88 ± 0.07 
13.80 ± 0.05 
13.94 ± 0.05 
NeH 
0.0353 ± 0.0008 
0.0352 ± 0.0005 
0.0384 ± 0.0008 (NeH?)
0.0337 ± 0.0006 
0.0342 ± 0.0006 
2.43 
2.20 
1.98 
2.23 
2.28 
2.24 
 13.945 ± 0.025 0.0346 ± 0.0003 2.23 
Corrected for 
backscattering      13.972 ± 0.025 0.0346 ± 0.0003 2.24 
Coronal Hole (H) 
313.01 days 
50460 
13.93 ± 0.08 
13.95 ± 0.07 
13.93 ± 0.06 
NeH 
0.0347 ± 0.0006 
0.0344 ± 0.0006 
1.77 
1.79 
1.81 
 13.937 ± 0.041 0.0345 ± 0.0004 1.79 
Corrected for 
backscattering      13.956 ± 0.041 0.0345 ± 0.0004 1.80 
Coronal Mass Ejection 
(CME) 
193.25 days 
60086 
13.99 ± 0.04 
13.92 ± 0.06 
13.93 ± 0.06 
NeH 
0.0336 ± 0.0006 
0.0336 ± 0.0005 
2.13 
2.10 
2.23 
 13.947 ± 0.031 0.0336 ± 0.0004 2.15 
Corrected for 
backscattering 13.979 ± 0.031 0.0336 ± 0.0004 2.16 
Interstream (L) 
333.67 days 
60076 
13.89 ± 0.04 
13.97 ± 0.06 
14.00 ± 0.06 
NeH 
0.0346 ± 0.0006 
0.0334 ± 0.0005 
1.73 
1.56 
1.67 
 13.953 ± 0.031 0.0340 ± 0.0004 1.65 
Corrected for 
backscattering       13.990 ± 0.031 0.0340 ± 0.0004 1.66 
Total weighted average 
SW 13.945 ± 0.016 0.0342 ± 0.0002 1.96 
Corrected for 
backscattering 
      13.974 ± 0.016 0.0342 ± 0.0002 1.97 
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 Table S2: Argon isotopic ratios and SW fluxes from aluminum on sapphire (AloS) bulk and regime collectors. 
A Q-switched IR-laser was used to raster areas between 1 and 30 mm2. For the ratios, the data is shown from 
both before and after the subtraction of 40Ar.  Averages for the bulk and regimes together are given for the 
36Ar/38Ar ratios in the bottom. All data are corrected for mass discrimination, but the backscattering correction 
is negligible and so is not applied.  
Measured Ar composition All 40Ar removed 
SW Regime, collection 
time, sample number 
 
40Ar/36Ar 
 
 
36Ar/38Ar 
36Ar flux 
(106/m2·s) 
 
36Ar/38Ar 
5.178 ± 0.007 5.480 ± 0.014 3.90 5.482 ± 0.014 
11.373 ± 0.019 5.461 ± 0.016 3.84 5.467 ± 0.017 
3.211 ± 0.003 5.499 ± 0.010 3.88 5.502 ± 0.010 
2.716 ± 0.002 5.508 ± 0.009 3.91 5.510 ± 0.008 
4.453 ± 0.006 5.514 ± 0.012 3.49 5.517 ± 0.012 
Bulk 
 852.83 days 
60079 
3.557 ± 0.009 5.503 ± 0.021 3.43 5.505 ± 0.021 
Bulk Weighted Average 5.499 ±  0.005 3.81 5.501 ± 0.005 
6.645 ± 0.009 5.505 ± 0.013  1.94 (omitted) 
5.509 ± 0.013 
12.126 ± 0.025 5.506 ± 0.019 2.82 5.514 ± 0.019 
8.124 ± 0.025 5.449 ± 0.034 2.56 5.453 ± 0.035 
9.852 ± 0.028 5.482 ± 0.025 2.85 5.488 ± 0.026 
High speed (H) 
313.01 days 
50460 
15.283 ± 0.079 5.443 ± 0.040 2.86 5.450 ± 0.043 
High Speed Weighted Average 5.496 ± 0.009 2.78 5.502 ± 0.010 
17.459 ± 0.036 5.480 ± 0.019 4.57 5.491 ± 0.021 
27.051 ± 0.163 5.459 ± 0.126 3.50 5.47 ± 0.14 
112.715 ± 0.645 5.379 ± 0.057 2.51 5.416 ± 0.093 
102.106 ± 0.589 5.462 ± 0.082 2.88 5.54 ± 0.13 
14.786 ± 0.093 5.433 ± 0.045 2.73 5.439 ± 0.047 
Coronal Mass Ejection 
(CME) 
 193.25 days 
 60086, 60087 
13.767 ± 0.040 5.462 ± 0.038 2.50 5.470 ± 0.039 
CME Weighted Average 5.464 ±  0.016 3.68 5.467 ± 0.017 
8.879 ± 0.009 5.491 ± 0.013 4.01 5.496 ± 0.014 
16.817 ± 0.064 5.469 ± 0.085 2.94 5.478 ± 0.091 
5.414 ± 0.014 5.528 ± 0.020 3.12 5.532 ± 0.021 
11.009 ± 0.029 5.547 ± 0.027 3.15 5.557 ± 0.028 
3.750 ± 0.008 5.515 ± 0.023 3.58 5.518 ± 0.024 
Low speed (L) 
 333.67 days 
 60076, 60077 
11.945 ± 0.033 5.449 ± 0.024 3.63 5.454 ± 0.025 
Low Speed Weighted Average 5.503 ±  0.009 3.63 5.508 ± 0.010 
Total SW Weighted Average 5.497 ± 0.004  5.501 ± 0.004 
Terrestrial Atmosphere 295.6    5.319 ± 0.011 
Note: 36Ar fluxes are determined with ± 7%. This includes statistical error of ± 2% and an overestimation of the rastered area due to 
scratches. 
 
 12
 
 
 
 
 
. 
Bulk H CME L-2
-1
0
1
2
δ(2
0 N
e/
22
N
e)
, %
Bulk H CMEL
-3
-2
-1
0
1
2
3
δ(3
6 A
r/3
8 A
r)
, %
 
 
 1
